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DECENTRALISED PATIENT MANAGEMENT SYSTEM 

5 

The present invention relates to a decentralised patient management system. The 
invention also relates to a method of evaluating the efficacy of therapeutic intervention in a 
patient by assessment of different steady state visually evoked potentials. 

United States Patent Nos. 4,955,938 and 5,331,969 (the contents of which are hereby 
incorporated herein by reference) disclose techniques for obtaining a steady state visually 
evoked potential (SSVEP) from a patient. These patents disclose the use of Fourier analysis 
in order to rapidly obtain the SSVEP' s and changes thereto. It has now been appreciated that 
those techniques can be utilised to monitor the efficacy of treatment of patients. In one 
embodiment patients are located at one or more remote sites and the SSVEP signals are sent 
to a central analysis site for processing. The central analysis site reports back to the remote 
site where the medical practitioner, psychiatrist or the like can receive a report on the likely 
suitability of a particular treatment for the patient. By using standard communications 
techniques and the Internet the remote sites can be established with relatively inexpensive 
hardware and software, but have access to the more sophisticated analysis system located at 
the central analysis site. 

In another embodiment, the efficacy of a therapeutic intervention or treatment can be 
made by assessing the differences between SSVEP' s of a patient before and during the 
25 application of a treatment or intervention. 

According to the present invention there is provided a system for evaluating the 
efficacy of therapeutic treatments of patients located at remote sites, the system including: 
a central analysis site; 
30 a plurality of remote test sites; 

input means at the central analysis site for inputting signals representative of a 
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cognitive task; 

means for communicating the input signals to selected remote test sites via a network 
which provides two-way communication between the central analysis site and the remote sites; 
receiving means at the remote test sites for receiving the input signals and presenting 
5 the cognitive task to a patient (i) before and (ii) during or after carrying out a therapeutic 
intervention or treatment; 

detecting means at the remote test sites for detecting brain response signals from the 
patient to said cognitive tasks: 

means for communicating said brain response signals to said central analysis site via 
10 the network; and 

processing means for assessing the efficacy of the therapeutic intervention or treatment 
on the basis of differences in brain response signals before and during or after carrying out 
the therapeutic intervention or treatment. 

15 The invention also provides a method of evaluating the efficacy of therapeutic 

intervention in a patient including the steps of recording a first steady state visually evoked 
potential (SSVEP) from the patient while undertaking a first cognitive task, carrying out a 
therapeutic intervention or treatment on the patient, recording a second steady state visually 
evoked potential (SSVEP) from the patient while undergoing a second cognitive task, 

20 assessing the efficacy of the therapeutic intervention on the basis of differences between the 
first and second SSVEP's. 

Preferably the first and second cognitive tasks are similar or the same. 

25 Preferably the therapeutic intervention or treatment is for the purpose of treating 

neuropsychiatric disorders. 

Preferably the step of carrying out the therapeutic intervention includes the step of 
administering a test dose of a psychotropic medication. 

30 
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The psychotropic medication may comprise all chemical compounds or combination 
of chemical compounds used in the treatment of psychiatric, psychological, behavioural, 
educational or neurological disorders. 

Preferably the step of assessing the efficacy includes the steps of detecting changes 
associated with therapeutic intervention in the SSVEP amplitude and/or phase topography 
and/or inter-electrode SSVEP coherence. 

The invention also provides a method of evaluating the efficacy of therapeutic 
treatments of patients located at remote sites, the method including the steps of: 
causing a patient to carry out a first cognitive task at a remote site; 
obtaining first signals representing the response of the patient's brain to said cognitive 

task; 

carrying out a therapeutic treatment on the patient; 

obtaining second signals representing the response of the patient's brain to a second 
cognitive task whilst under the influence of said treatment; 

transmitting the first signals and the second signals to a central analysis site; 
analysing the first and second signals at the central analysis site to assess the efficacy 
of the therapeutic treatment; and 

transmitting the results of the assessment to the remote site. 

Preferably the first and second signals are steady state visually evoked potentials 
(SSVEP's). 

25 The invention also provides a system for evaluating the efficacy of therapeutic 

treatments of patients located at remote sites, the system including: 
a central analysis site; 

input means for inputting signals representative of a cognitive task; 
means for communicating the input signals to selected remote test sites via a network 
30 which provides two-way communication between the central analysis site and the remote sites 
for transmission of said signals to selected remote sites for presentation to a patient (\) before 
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and (ii) during or after carrying out a therapeutic intervention or treatment; 

means for receiving said brain response signals of the patients transmitted to said 
central analysis site via the network; and 

processing means for assessing the efficacy of the therapeutic intervention or treatment 
5 on the basis of differences in brain response signals before and during or after carrying out 
the therapeutic intervention or treatment. 

l ne invention aiso proviucb a nicmuu ui ^vaiuuuus ^..•^^- J ~. , 

intervention in a patient including the steps of: 
1 0 obtaining data representing a first steady state visually evoked potential (SSVEP) from 

a patient at a remote site while undertaking a first cognitive task; 

obtaining data representing a second steady state visually evoked potential (SSVEP) 
from the patient while undergoing a second cognitive task during or after a therapeutic 
intervention; and 

15 assessing the efficacy of the therapeutic intervention on the basis of differences 

between the first and second SSVEP' s. 

The invention also provides a test site for evaluation of the efficacy of a therapeutic 
treatment of a patient, the test site including: 
20 receiving means for receiving input signals via a network from a central analysis site, 

said signals being representative of cognitive tasks; 

presenting means for presenting the cognitive task to the patient (i) before and (ii) 
during or after carrying out a therapeutic intervention or treatment; 



detecting means for detecting brain response signals from the patient to said cognitive 



means for communicating said brain response signals obtained before and during 
after carrying out a therapeutic intervention or treatment to said central analysis site via l 



The invention also provides a method of evaluating the efficacy of therapeutic 
treatments of a patient located at a test site, the method including the steps of: 



25 tasks; and 



network. 
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causing a patient to carry out a first cognitive task at the test site; 

obtaining first signals representing the response of the patient's brain to said cognitive 

task; 

carrying out a therapeutic intervention or treatment on the patient; 
5 obtaining second signals representing the response of the patient's brain to a second 

cognitive task whilst under the influence of said treatment; 

transmitting the first signals and the second signals to a central analysis site via a 

llwlWWl i\ W ll^lLlll lilt ill Jl ciiavj Jvv/unu J't,""''' w ww— *w — ^ — - • - - « — J - - 

therapeutic treatment; and 
1 0 receiving at the test site output signals from the central analysis site which demonstrate 

the efficacy of the therapeutic intervention or treatment on the patient. 



The invention will now be further described with reference to the accompanying 
drawings, in which: 

1 5 Figure 1 is a block diagram of a decentralised patient management system of the 

invention; 

Figure 2 is a block diagram of a central analysis site; 
Figure 3 is a block diagram for a remote site; 

Figure 4 is a schematic block diagram for part of the hardware at a remote site; 
20 Figure 5 is a schematic plan view showing input of signals to the eyes of a patient; 

Figure 6 shows the use of a partial mirror to combine signals to the eye of a patient; 

Figures 7, 8 and 9 are schematic views of LED shielding cages; 

Figure 10 is a schematic block diagram of part of the hardware at a remote site; 

Figure 1 1 shows part of an LED drive circuit; 
25 Figure 12 shows a circuit for detecting ambient light levels; 

Figure 13 shows in more detail circuitry for driving the LED array; 

Figure 14 shows the LED array luminance as a function of input voltage; and 

Figures 15 and 16 show typical changes in SSVEP in response to medication. 



30 Figure 1 diagrammatically shows a decentralised patient management system 2 of the 

invention. It comprises a central analysis site 4 coupled to a plurality of remote test sites 6 
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by means of a network 8. The network 8 preferably comprises the Internet 10. The central 
analysis site 4 is coupled to the Internet by means of a high speed digital link 12 and each of 
the test sites 6 is connected to the Internet 10 by a modem 14 in the usual way. 

5 The central analysis site 4 is shown in more detail in Figure 2. It comprises a central 

computer network 16 which is coupled for two-way communication to the link 12. The 
network 16 preferably comprises an array of computers which are linked together to achieve 

«^,t,^ ^r-x r t,^ nrno/H'^ rr* 1 1 1 1 1 m^H i O mitAriQl QC ^HS! YS1H2 the \d-T$l€ 

amount of EEG data from patents at the remote sites. Additionally, the network includes 
10 appropriate hardware and software to handle various forms of the cognitive tasks to be 
presented to patients. The cognitive tasks are selected to probe various aspects of brain 
function such as attention, recognition memory, working memory, cognitive flexibility, 
perceptual-motor function, the perception of emotion and the experience of emotion. 

1 5 The network 16 is coupled to output devices 18 such as printers and/or video recorders 

or the like. The network 16 may be coupled to a number of input devices 24 such as video 
and/or audio input devices for receiving material to be presented to patients. The computer 
network 16 may be coupled to an archival mass storage system 26 for electronic storage of 
inputs and signals received from the remote sites. The central analysis site may include 

20 various output devices 28 including a printer, video recorder for producing video output. 

The computer network 16 includes programs which utilise Fourier analysis to produce 
the changes in steady state response of the brain of a patient when the time varying cognitive 
task stimulus is presented to the patient. These techniques are disclosed in the 
25 aforementioned United States patents and therefore need not be described in detail. 
Alternatively, analog or hybrid circuitry may be provided at the central analysis site for 
detection of the required signals, again in accordance with the principles disclosed in the 
aforementioned patents. 



30 
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In summary, the central analysis site 4 performs a number of functions including: 



(ii) 



(i) 



receiving material to be presented to patients, 

producing digital cognited tasks which may be in the form of multimedia test 



material, 



Civ) 



(in) 



downloading test sequences to specific patients, 

uploading brain electrical activity information from patients, 




10 



(vi) 



(vii) 



analysing brain activity, and 

producing reports in written and/or graphical form. 



The remote sites 6 would normally be an appropriate medical establishment such as 
a hospital, clinic, psychiatrist's room or general practitioner's room. The electrical brain 
activity of the patient is recorded at the site and signals representative of this activity together 
1 5 with appropriate information on the cognitive task will be transferred to a central analysis site 
4 via the Internet (or some other appropriate medium). The central analysis site 4 analyses 
the brain electrical activity and generates topographic maps of SSVEP amplitude and phase. 



20 (anxiety reducing) agent. The patient will undertake a cognitive task and steady state probe 
topography (SSPT) recording prior to and a predetermined time, say two hours, after the 
administration of a test does of the proposed medication. Brain activity before and after drug 
administration are compared and the clinician is advised from reports from the central analysis 
site 4 as to whether the patient is likely to benefit from long term administration of the 

25 medication and the possibility of side-effects. 

Patient progress may also be monitored during a course of the drug with the SSPT 
methodology and decisions on variations in dosage levels as well as discontinuation of 
treatment may be made more efficiently. 



A typical session may involve testing a prospective patient's response to an anxiolytic 




WO 99/59469 PCT/Al 99 /00365 

- 8 - 

A typical medical consultation utilising the system of the invention typically includes 
the following steps: 

1 . A patient consults a psychiatrist, clinical psychologist or other medical practitioner at 
5 the local site 6 about, say, a mood disorder or possible depression. 

2. The medical practitioner establishes a preliminary diagnosis of depression and wishes 

LU tibCCl lUlll LUC ihu^l uiiLvuvL ui ia iiLuuiiwii. 

10 3. The patient is asked to move to the recording site in a test room at the local site 6 
where he or she is fitted with a multi-electrode helmet 38 or another multi-electrode 
system such as Electro-cap (ECI Inc., Eaton, Ohio, USA) as described below. The 
fitting is done by either a nurse or a technician. The helmet 38 or multi-electrode 
system is connected to a data acquisition system and computer as described in more 

1 5 detail below. 

4. The nurse or technician logs onto the central analysis site 4 via the Internet and down- 
loads software for the relevant cognitive activation task. Preferably, the down-load 
is automatic and controlled by the central analysis site 4. Preferably the nurse or 

20 technician need only stipulate the type of psychiatric disorder under consideration. 

5. The patient undertakes the cognitive activation task while SSPT recording takes place. 

6. Brain electrical activity together with timing information on the cognitive task and the 
25 visual stimulus is encrypted and transmitted to the central analysis site 4. 

7. Animated maps of the SSVEP amplitude and phase are generated at the central 
analysis site 4. 



30 8. 



The patient is given a test dose of the selected medication and waits until plasma or 
brain levels have peaked. This is typically a period of from 1 to 2 hours. 
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9. Steps 5, 6 and 7 are then repeated. 



10. Software at the central analysis site 4 analyses the SSVEP data and determines the 
differences between the first and second recording sessions. These differences are 

5 presented as animated brain maps and down-loaded to the remote site 6. In addition, 

a report may be generated which evaluates the likely long term patient response to the 
test medication. 

1 1 . The clinician considers the graphical data available along with the report and decides 
10 whether to test another agent or not. Testing of another agent would need to take 

place after the original test medication had been cleared from the body. 

A similar approach could be used for ongoing monitoring of patient treatment. 

15 The central analysis site 4 may utilise communication software and appropriate 

communications hardware to receive data from the remote sites 6 such as packages which are 
commercially available and therefore need not be described in detail. An example would be 
WS FTP32 or Cute FTP. 

20 Brain electrical activity together with specific timing information on events in the test 

material is uploaded from the various test sites 6 as explained in more detail below. 

A typical test site 6 is shown in more detail in Figure 3. The test site 6 typically 
includes a computer 30 coupled to a monitor 32 or television set, keyboard 34 and mouse 36 
25 or other pointing device. The computer 30 is coupled to the Internet 10 by means of the 
modem 14, as shown. The test site 6 includes the helmet 38 or other multi-electrode system 
which is arranged to pickup electrical brain activity of the patient 40, the helmet or other 
multi-electrode system being coupled to the computer 30 by means of a control and interface 
circuit 42. 



30 
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The computer 30 preferably comprises a network computer or PC or the like which 
includes an additional, dedicated hard drive 44 which is used exclusively for the invention. 
The software required for display of test material to the patient 40 and for controlling 
transmission of brain activity signals to the central analysis site 4 is preferably stored on the 
5 dedicated hard drive 44. 

The helmet 38 includes a plurality of electrodes which can pickup brain activity of the 

pailCIll M-U. I HC HCilllCL JO UlLlUUtd a V1DU1 ~tKJ U11UU5U vvaaa^aa liiu pcxtAWAit . aw»» m~ w^^v 

material displayed on the monitor 32. The visor 46, however, provides for the display of a 
10 continuous background flicker to the peripheral vision of the patient. 

Signals representing electrical brain activity are detected by and recorded in the 
interface circuit 42. Generally speaking, the interface circuit 42 is arranged to filter and 
amplify the signals and then digitise and store the signals in an encrypted format. 

15 

Figure 5 schematically illustrates the optical components of the visor 46. The visor 
46 includes two half-silvered mirrors 50 and 52 which enable the patient 40 to view the 
monitor 32 and also to receive the controlled background flicker. The background flicker is 
generated by means of first and second LED arrays 54 and 56 and is reflected towards the 
20 eyes of the patient through the mirrors 50 and 52. Each LED array preferably comprises nine 
LED devices arranged in a three by three array and located in a double Faraday cage 58 for 
electrical shielding. A typical Faraday cage 58 is schematically illustrated in Figures 7, 8 and 
9. 

25 The luminance output of LED devices is not linear with respect to the applied voltage. 

Accordingly, in accordance with the invention, circuitry is provided to control the LED 
outputs so as to be linear. This is accomplished by using a feedback circuit 60 as shown in 
Figure 1 1 . The circuit 60 includes a phototransistor 61 coupled to the negative input of an 
operational amplifier 62. The phototransistor 61 is arranged to receive output from one or 

30 other of the LED arrays 54 and 56 or a further LED device connected thereto. The circuit 
60 provides feedback for an LED drive circuit 64, as shown in Figure 4. One circuit 
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realisation for the LED drive circuit 64 is shown in Figure 13. The drive circuit 64 includes 
an input 66 which receives input signals from a microprocessor controller 68 via a digital to 
analog converter 69. The input signals are amplified in amplifier stages 70, 72 and 74, the 
feedback circuit 60 provides negative feedback for the stages 72 and 74, as shown. The LED 
5 drive circuit 64 thus is able to produce a linear luminance output from the LED arrays 54 and 
56, over a reasonable range of voltages applied to the input 66. This is graphically illustrated 
in Figure 14 where the X-axis represents input voltage on the input 66 and the Y-axis 

t *_____ x" il . CA C£ A o \r\A 'xnri + nA #-V»r» r\n fr«i 1 *- lnminnnr»o lino "7 A ic 

represents luiiuuauuc nuin uic <m<i_y ui ~>u. uiuitaitu, wui^ui luinnianww >^ *^ 
substantially linear from about 0 volts to about 4 volts. Preferably, the LED flicker signals 
10 have a sinusoidal waveform. 

The digital to analog converter 69 will produce the sinusoidal waveform when the 
microprocessor controller 68 sends the sine wave data held in a sine look-up table LUT stored 
in read only memory 100. A software counter will be used as a pointer to the sine wave LUT 
used to construct the sine wave. The output frequency of the waveform generator will be 
equal to the interrupting clock frequency divided by the number of digitised points 256 in the 
sine wave LUT incorporated in the program. The total harmonic distortion for a 256 point 
sine wave will be 0.71%. The reconstructed sine waves are then low-pass filtered by a 
suitable filter circuit provided in the LED drive circuit 64 to reduce the quantisation in the 
digitised waveforms and so reduce the total harmonic distortion. 

The helmet 38 may be similar in appearance to a bicycle helmet and is used to house 
electrodes 82 for sensing brain electrical activity (EEG) and preferably has a single cable 84 
connected to the rear of the helmet and extends to the circuit 42. The electrodes 82 are 
25 buffered by very high impedance unity gain amplifiers 86, as shown in Figure 4. The 
electrodes are located at predetermined positions in the helmet or other multi-electrode 
system. 

Each of the amplifiers 86 provides a unity gain (non-inverting) with very low input 
30 bias current (InA), very low noise (0.23uV) and additional gain is provided by very high 
input impedance (400 Gohm) amplifiers 87. Electrode impedance may be estimated by 
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injecting a very small current at the electrode site through a large resistance. The electrode 
impedance can then be estimated as it will form one arm of a potential divider. The outputs 
from the amplifiers 86 are coupled to sample and hold circuits 88 via filter circuits 90 which 
provide band pass filtering. The band limited instrumentation amplifier will be followed by 
5 more gain and a very steep high cut-off switched filter. The switched filter will feed a two 
stage high cut filter (used to remove and clock feed through from the switched filter) then to 
the sample and hold circuits 88. The outputs of the sample and hold circuits 88 are connected 

*~ nnabw, r^nlHnlavar Q1 onH \ Kit onoUn \c\ Hinrital mnvprtpr Q9 Thp Tf*rc\Tt\f*f\ PEG 
iu an analog inuiupiuA^i s x miu ±\-r L/ii aiiuiv/^, i ^ w wv^** . v « ^ — . * . — — ^ 

normally be digitised to 16 bit accuracy. A 16 bit dynamic range means that the analog front- 
10 end gain can be fixed at a predetermined value for typical patients. As the analog multiplexer 
91 is fed by individual sample and hold circuits 88 (one per EEG channel) no data time 
skewing will occur. All EEG data and other relevant timing information will be stored in the 
hard drive 44. The computer then uploads this data to the central analysis site 4. 

15 In order to maximise patient comfort, the brightness of the visual flicker is preferably 

slowly increased to its final value over a period of minutes. 

The visor may include a light detector 48 for detecting ambient light levels, the 
detector 48 being coupled to an ambient light level detector circuit 43, an example of which 

20 is shown in Figure 12. The circuit 43 converts the ambient light level to a voltage signal 
which is coupled by an amplifier, low pass filter 93, and sample and hold circuit 95 to the 
multiplexor 91, as shown in Figure 4. Voltage signals from the phototransistor 43 pass 
through the convertor 92 and are inputted to the microprocessor 68. The voltage drive from 
the phototransistor 43 is linearly proportional to the ambient light brightness. This voltage 

25 will be measured by software in the microprocessor to give a brightness value. If the 
brightness value is too high, ambient light levels are too high and a message will be generated 
to advise the clinician to reduce the ambient light levels. 

The microprocessor 68 also controls the acquisition of data by signalling the analog 
30 to digital converter 92 to measure the current EEG value at an electrode 82, as determined 
by the microprocessor. This data will be stored in the S-RAM 94. The microprocessor with 
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the front-end amplifiers preferably include several high accuracy 32 bit counter/timers capture 
circuits 102. These 32 bit counter/timers capture circuits 102 generate the timing signals for 
data acquisition, visual flicker frequency as well as specific events in the material being 
presented to the patient. Such events may include the beginning and end of task sequences 
5 as well as the timing of specific events. The timing data held in counters 102 can be captured 
when signalled by the above mentioned events. The captured timing data can be stored along 
with the recorded EEG data in the hard drive 44 and for later transmission and analysis. 
Software at test site may also detect any possible development of photo-epilepsy by 
monitoring the amplitude of the EEG at the flicker stimulus frequency. In the event of any 
10 photo-epilepsy being detected, the flicker stimulus will be discontinued and the test 
terminated. 

At the end of data acquisition, the data is encrypted and transferred to the central 
analysis site 4. 



Cognitive tasks can be presented at the test site by using in-house software such as 
"PIPSCRIPT" or commercial software such as CANTAB or Ulead Media Studio. It will be 
appreciated by those skilled in the art that commercially available software packages can be 
utilised to perform the file storage and transfer functions required in carrying out the 
20 techniques of the invention. Standard Internet communication software such as WS FTP32 
or Cute FTP can be used to download multimedia files. These files can be compressed and 
encrypted using software such as WINZIP. Transfer of encrypted brain activity data can be 
transferred to the central analysis site 4 via FTP. 

25 The CPU 16 may comprise a Silicon Graphics workstation or WINTEL based system. 

A high security computer network fire-wall can be installed to reduce the risks of malicious 
hacking in accordance with known practice. 



15 



Preferably the material which constitutes the cognitive task as well as brain electrical 
30 activity is held in the storage device 26 for ongoing access. Also, archival storage may be 
provided and a very high capacity tape system (at least 10,000 gigabyte) is preferred. 
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Archiving mav be done using Digital Video Disk (DVD) media. 



Software in the CPU 16 calculates Steady State Visually Evoked Potential (SSVEP) 
amplitude and phase for each stimulus cycle. The SSVEPC refers to the mean coherence over 
5 the entire duration of a cognitive task while the ER-SSVEPC refers to the changes in 
coherence over the duration of a typical trial in a cognitive task. Calculation accomplished 
used Fourier techniques using equations 1.0 and 1.1. 



a 



1 



s-\ 



SAx ,-() 



^2 f (nT + /At) cos 



( ^% ^ 
^— (nT + /At) 



s- 1 



SAx 



f (nT + /At) si 



sin 



=Y (nT + /At) 



1.0 



Calculation of SSVEP Fourier components where a n and b n are the cosine and sine 
Fourier coefficients respectively, n represents the n lh stimulus cycle, S is the number of 
[0 samples per stimulus cycle (16), At is the time interval between samples, T is the period of 
one cycle and/(«T + /AT) is the EEG signal. 



ssvep amplltulk - fa: * bl) 



SSVEP 



phase 



a tan 



1.1 



Calculation of SSVEP amplitude and phase where a n and b n are the cosine and sine 
Fourier coefficients respectively. Amplitude and phase components can be calculated using 
either single cycle Fourier coefficients or coefficients that have been calculated by integrating 
15 across multiple cycles. 
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In addition to SSVEP amplitude and phase changes associated with the therapeutic 
intervention, it is also possible to determine the therapeutic intervention induced changes in 
the relationship between the SSVEP at different electrodes by measuring the coherence. The 
coherence is similar to the correlation coefficient expressed as a function of frequency. 

5 

Two types of coherence functions are calculated from the SSVEP sine and cosine 
Fourier coefficients while patients undertake the cognitive task. One will be termed the 

nmrrn ^ i /On/rn/^) r,^A tU a ntK«r J7\t/»nt DolntoH <\<\VFP CnhpTPriCP (FR-SSVF.PCA 

\ t.r K^Uflt: I Cfli t (jo ri^j anu tiiu v/iu^i , ^ ► «~ / ^ **^*w**wv* *~>^ - — - , 

10 SSVEPC 

The SSVEP sine and cosine coefficients can be expressed as complex numbers 

where a n and b n have been previously defined. 

15 The nomenclature is generalised to take into account multiple tasks and multiple 

electrodes. 

C =(a .b ) 1.3 



where g = the task number 
e = the electrode 
n = the point in time 

20 
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Relevant functions can be defined by the following equations: 



nT 



and 



g,cLe2" 



\ 



( g.eLn'^ g.el,n^^2 ^ g.e^n'^ g,e2j) 



1.6 



The SSVEPC coherence is then given by 



Y 2 g.e J ,e2 ~ \Pg,e I ,c> "pf / T \* I x>2 



1.7 



5 And the phase of the SSVEPC is given by 

O . ^Tan \ - ) 



1.8 



ERSSVEP-C 



In this case, the coherence across trials in a particular task are calculated. This yields 
coherence as a function of time. We generalise the nomenclature to take into account multiple 
10 tasks and multiple electrodes. 



1.9 
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where g = the task number 

d = the trial within a particular task, e.g. a specific response 
e = the electrode 
n = the point in time 

5 

Relevant functions can be defined by the following equations: 



Vg*U2^ H g sU2.n/ T g sU2.n 1 " 10 



n - c *r * in 



d-\ 



and 



T 



g.eJ x'2.n 



^bxIMm^ gx'Ldj)^^ C gx , 2 M,n'^ g,e2M.r) 



1.12 



d-\ 



The SSVEPC is then given by 

And the phase of the SSVEPC is given by 

* , , , Tan ^ miH ^\ L14 



10 

The step of assessing the efficacy includes the steps of detecting changes associated 
with therapeutic intervention in the SSVEP amplitude and/or phase topography. 




WO 99/59469 PCT/ A I 99/00365 

- 18 - 

Precise timing on the various events is supplied by the encrypted data file uploaded 
from patients. 

Information about brain activity and brain speed of processing is preferably available 
5 for each of the recording sites. Preferably there are about sixty-four scalp recording sites. 

The CPU 16 may also run software for producing written reports outlining the 
response of the patient's brain to the test therapeutical treatment. The clinician administering 
the test treatment can then decide on the suitability of continued administration of the 
10 therapeutical treatment for the particular patient. 

In summary, SSPT is to be used to evaluate therapeutic intervention in patients 
suffering from a wide range of neuropsychiatric disorders including, but not limited to, 
disorders of mood, anxiety disorders, neurodegenerative disorders (e.g. Alzheimer's 
15 dementia), disorders of attention, cognition and impulse control. Patients will be required to 
perform a number of specified cognitive tasks before and after therapeutic intervention. The 
steady state visually evoked potential (SSVEP) will be recorded from (typically) 64 scalp sites 
while patients undertake the cognitive tasks. 

20 Changes in the SSVEP amplitude and phase topography are used to ascertain the 

effectiveness of the therapeutic intervention. For example, the short term (2 hours) response 
to a dose of psychotropic medication (eg a neurostimulant or an antidepressant) may be used 
to predict the long term responsiveness to such medication. The clinician may then use the 
SSPT technology to select the most effective medication regimen (such as selection of drug, 

25 dosage and optimum treatment duration). 

Example 1 



An example of the invention will now be briefly described with reference to Figures 
30 15 and 16. The method was used on patients who are children diagnosed with Attention 
Deficit Hypoactivity Disorder (ADHD). 
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Children diagnosed with ADHD were tested to examine the effects of stimulant 
medication (methylphenidate or Ritalin) on the amplitude and phase of the steady state visually 
evoked potential (SSVEP). The children performed two cognitive tasks before the stimulant 
medication was administered and then repeat the tasks one hour after stimulant medication was 
5 administered. 

The first task was a low demand vigilance task where the patients were required to 

preSS a II11CIU SWllUl UU U1C piCUlCUlUlC appeal Oll^t Ul UiC numun ^ m lh^ i^pvtic^\a o^.\^c*^a*w^ 

"1, 2, 3, 4, 5". The second task was known as the A-X version of the Continuous 
10 Performance Task (CPT A-X). In this more demanding task, patients were required to press 
a micro switch on the appearance of the letter "X" if and only if it has been preceded by the 
letter "A". 

Figures 15 and 16 illustrate the spatial distribution of the difference between the mean 
15 SSVEP phase, evaluated over the entire CPT A-X task before medication, and the point in 
time corresponding to the disappearance of the letter "A" in the CPT A-X task after 
medication. 

More particularly, Figure 15 shows changes in SSVEP phase during the performance 
20 of the Continuous Performance Task in a 12 year old boy diagnosed with ADHD and 
responding to the stimulant medication. Scalp distribution of SSVEP latency is viewed from 
the top of the head. The uppermost portion of map illustrates activity in frontal brain sites 
while the bottom corresponds to the back (occipital lobe) of the head. Light areas are 
associated with SSVEP phase advance (latency reduction), grey areas illustrate regions of 
25 SSVEP latency increase. Contours correspond to latency changes of 6 msec. The presence 
of large SSVEP latency reduction at prefrontal sites predicts a good long term clinical 
response to the stimulant medication for the patient. 

In contrast, Figure 16 shows changes in SSVEP phase during the performance of the 
30 Continuous Performance Task in a different 12 year old boy diagnosed with ADHD and not 
responding to stimulant medication. The absence of SSVEP latency reduction at prefrontal 
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sites predicts a poor long term clinical response to the stimulant medication for the patient. 

In summary, the spatial distribution shown in Figure 15 shows a strong reduction in 
the SSVEP latency at prefrontal scalp sites which suggests a normalisation of brain activity 
5 during this task. It is suggested that such a response is indicative of a positive long-term 
response to stimulant medication. By contrast, the spatial distribution illustrated in Figure 16 
shows little or no latency reduction at prefrontal sites. This result suggests that there would 
be a poor response in thai paiieni Lo stimulant medication. 

10 Many modifications will be apparent to those skilled in the art without departing from 

the spirit and scope of the invention. 
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CLAIMS: 

1. A system (2) for evaluating the efficacy of therapeutic treatments of patients (40) 
located at remote sites (6), the system including: 

5 a central analysis site (4); 

a plurality of remote test sites (6); 

input means (24) at the central analysis site for inputting signals representative of a 
cognitive task; 

means for communicating the input signals (12) to selected remote test sites via a 
10 network (10) which provides two-way communication between the central analysis site and 
the remote sites; 

receiving means (14,30,44) at the remote test sites for receiving the input signals and 
presenting the cognitive task to a patient (40) (i) before and (ii) during or after carrying out 
a therapeutic intervention or treatment; 
15 detecting means (38,42) at the remote test sites for detecting brain response signals 

from the patient to said cognitive tasks; 

means for communicating (14) said brain response signals to said central analysis site 
via the network; and 

processing means (16) for assessing the efficacy of the therapeutic intervention or 
20 treatment on the basis of differences in brain response signals before and during or after 
carrying out the therapeutic intervention or treatment. 

2. A system as claimed in claim 1 wherein the remote sites include storage devices (44) 
for storage of signals representing said cognitive task. 

25 

3. A system as claimed in claim 1 or 2 wherein the processing means (16) includes means 
for calculating amplitude and phase steady state visually evoked potentials (SSVEP) for each 
site where a patient is treated. 

30 4. A system as claimed in claim 3 wherein the processing means includes means for 
detecting changes attributable to the therapeutic intervention or treatment in SSVEP amplitude 
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and/or phase topography. 

5. A system as claimed in claim 3 or 4 wherein the detecting means (38) includes a 
plurality of electrodes on which said brain response signals are received and the processing 

5 means includes means for detecting changes attributable to the therapeutic intervention or 
treatment in inter-electrode SSVEP coherence. 

6. A system as claimed in claim 4 or 5 wherein processing means piuduces output signals 
which represent animated brain maps. 

10 

7 A system as claimed in claim 6 wherein said means for communication transmits said 
output signals to the remote site from which said output signals were derived for presentation 
to a clinician. 

15 8. A system as claimed in claim 7 wherein the remote site includes display means for 
display of said output signals as animated brain maps. 

9. A method of evaluating the efficacy of therapeutic intervention in a patient (10) 
including the steps of recording a first steady state visually evoked potential (SSVEP) from 
20 the patient while undertaking a first cognitive task, carrying out a therapeutic intervention or 
treatment on the patient, recording a second steady state visually evoked potential (SSVEP) 
from the patient while undergoing a second cognitive task, assessing the efficacy of the 
therapeutic intervention on the basis of differences between the first and second SSVEP' s. 

25 10. A method as claimed in claim 9 wherein the first and second cognitive tasks are similar 
or the same. 

11. A method as claimed in claim 10 wherein the therapeutic intervention or treatment is 
for the purpose of treating neuropsychiatry disorders. 

30 
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12. A method as claimed in claim 11 wherein the step of carrying out the therapeutic 
intervention includes the step of administering a test dose of a psychotropic medication. 

13. A method as claimed in claim 12 wherein the psychotropic medication comprises a 
5 chemical compound or compounds used in the treatment of psychiatric, psychological, 

behavioural, educational or neurological disorders. 

14. A method as claimed in claim 13 wherein the step of assessing the efficacy includes 
the steps of detecting changes associated with therapeutic intervention in the SS VEP amplitude 

10 and/or phase topography. 

15. A method as claimed in claim 13 or 14 wherein the steps of obtaining first and second 
signals are effected by placing electrodes adjacent to the scalp of the patient, the first and 
second signals being produced on said electrodes and the step of assessing the efficacy 

15 includes detecting changes in inter-electrode SSVEP coherence. 

16. A method of evaluating the efficacy of therapeutic treatments of patients (40) located 
at remote sites (6), the method including the steps of: 

causing a patient to carry out a first cognitive task at a remote site; 
obtaining first signals representing the response of the patient's brain to said cognitive 

task; 

carrying out a therapeutic treatment on the patient; 

obtaining second signals representing the response of the patient 1 s brain to a second 
cognitive task whilst under the influence of said treatment; 

transmitting the first signals and the second signals to a central analysis site (4); 
analysing the first and second signals at the central analysis site to assess the efficacy 
of the therapeutic treatment; and 

transmitting the results of the assessment to the remote site. 

30 17. A system for evaluating the efficacy of therapeutic treatments of patients (40) located 
at remote sites, the system including: 
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a central analysis site (4); 

input means (24) for inputting signals representative of a cognitive task; 

means for communicating the input signals (12) to selected remote test sites via a 
network (10) which provides two-way communication between the central analysis site and 
5 the remote sites for transmission of said signals to selected remote sites for presentation to a 
patient (i) before and (ii) during or after carrying out a therapeutic intervention or treatment; 

means (14) for receiving said brain response signals of the patients transmitted to said 
central analysis site via the network; and 

processing means for assessing the efficacy of the therapeutic intervention or treatment 
1 0 on the basis of differences in brain response signals before and during or after carrying out 
the therapeutic intervention or treatment. 

18. A system as claimed in claim 17 wherein the processing means (16) includes means 
for calculating amplitude and phase steady state visually evoked potentials (SSVEP) for each 

1 5 site where a patient is treated. 

19. A system as claimed in claim 18 wherein the processing means includes means for 
detecting changes attributable to the therapeutic intervention or treatment in SSVEP amplitude 
and/or phase topography. 

20 

20. A system as claimed in claim 18 or 19 wherein processing means produces output 
signals which represent animated brain maps. 

21 . A system as claimed in claim 20 wherein said means for communication transmits said 
25 output signals to the remote site from which said output signals were derived. 

22. A method of evaluating the efficacy of therapeutic intervention in a patient (4) 

including the steps of: 

obtaining data representing a first steady state visually evoked potential (SSVEP) from 
30 a patient at a remote site (6) while undertaking a first cognitive task; 

obtaining data representing a second steady state visually evoked potential (SSVEP) 



WO 99/59469 PCT/A I 99/00365 

- 25 - 



from the patient while undergoing a second cognitive task during or after a therapeutic 
intervention; and 

assessing the efficacy of the therapeutic intervention on the basis of differences 
between the first and second SSVEP's. 

5 

23. A method as claimed in claim 22 wherein the first and second cognitive tasks are 
similar or the same. 

24. A test site (6) for evaluation of the efficacy of a therapeutic treatment of a patient (40), 
10 the test site including: 

receiving means (14,30,44) for receiving input signals via a network (10) from a 
central analysis site, said signals being representative of cognitive tasks; 

presenting means for presenting the cognitive task to the patient (40) (i) before and (ii) 
during or after carrying out a therapeutic intervention or treatment; 
15 detecting means (38,42) for detecting brain response signals from the patient to said 

cognitive tasks; and 

means for communicating (14) said brain response signals obtained before and during 
or after carrying out a therapeutic intervention or treatment to said central analysis site via the 
network. 

20 

25. A test site as claimed in claim 24 wherein the receiving means includes: 

a computer system (30) having a storage medium (44) which is dedicated to receiving 
signals from the central analysis site. 

25 26. A test site as claimed in claim 25 wherein the detecting means includes an electrode 
helmet (38) coupled to an interface circuit (42) which digitises and stores brain response 
signals produced by said helmet. 

27. A method of evaluating the efficacy of therapeutic treatments of a patient (40) located 
30 at a test site, the method including the steps of: 

causing a patient to carry out a first cognitive task at the test site; 
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obtaining first signals representing the response of the patient's brain to said cognitive 

task; 

carrying out a therapeutic intervention or treatment on the patient; 
obtaining second signals representing the response of the patient's brain to a second 
5 cognitive task whilst under the influence of said treatment; 

transmitting the first signals and the second signals to a central analysis site (4) via a 
network (10) wherein the first and second signals are analysed to assess the efficacy of the 

4-1* ^ — — . i + • f-\ *■ v rm+-rT* c*r*4- • r\ r\ 
lilCl £1|J^U11V^ LI ^O.LlllV^llt, C111VJ 

receiving at the test site output signals from the central analysis site which demonstrate 
10 the efficacy of the therapeutic intervention or treatment on the patient. 

28. A method as claimed in claim 27 wherein the first and second cognitive tasks are 
similar or the same. 

1 5 29. A method as claimed in claim 28 wherein the therapeutic intervention or treatment is 
for the purpose of treating neuropsychiatry disorders. 

30. A method as claimed in claim 29 wherein the step of carrying out the therapeutic 
intervention includes the step of administering a test dose of a psychotropic medication. 

20 

31. A method as claimed in claim 30 wherein the psychotropic medication comprises a 
chemical compound or compounds used in the treatment of psychiatric, psychological, 
behavioural, educational or neurological disorders. 

25 32. A method as claimed in claim 31 wherein the steps of obtaining first and second 
signals are effected by placing electrodes adjacent to the scalp of the patient, first and second 
signals being produced on said electrodes and the step of assessing the efficacy includes 
detecting changes in inter-electrode SSVEP coherence. 



30 
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